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Caupin et al. have raised several issues regarding our recent paper on maxima in
thermodynamic response and correlation functions in deeply supercooled water. We show
that these issues can be addressed without affecting the conclusion of the paper.
C
aupin et al. (1) question our application
(2) of the Ornstein-Zernike (OZ) approach
for noncritical divergence when the cor-
relation length x becomes small, of similar
magnitude as the intermolecular distance,
such that the division of S(q) into normal and
anomalous components strongly affects the re-
sulting value of x. First, x is not related to a spe-
cific distance in real space but is the damping
factor in the asymptotic decay of the pair cor-
relation (3). Second, we have followed exactly
the same procedure in our determination of x
as earlier outlined by one of the authors of (1)
[in (4)] for noncritical divergence based on OZ
theory of 253 K water, using a division of S(q)
into anomalous and normal components.
Third, the argument against that approach
given in reference 2 of (1) is valid for 298 K
where the low-q enhancement is extremely small,
contrary to 280 K (see our determined structure
factor variation in Fig. 1A where a detectable en-
hancement is clearly observed, which increases
rapidly upon cooling). Figure 1B shows x as a
function of temperature, and indeed the error
bars are large in the estimation of x at high tem-
peratures (~280 K). At the lower temperatures,
the enhancement of S(q) at q = 0 is approaching
a factor of 2 in comparison to the minimum at
q = 0.5 Å–1, and the estimation of x becomes
increasingly independent of the choice of the
normal component and the density r used, re-
sulting in small error bars as indicated in (2).
Figure 4B in (2) does not show clusters but
is an illustration of fluctuating regions that vary
in size as a function of temperature, as described
in the caption. It is similar to the description
from one of the authors of (1) [in (5)] as “tran-
sient hydrogen-bonded patches supported experi-
mentally by the observation of small-angle x-ray
scattering.”
In (2), the compressibility kT values are re-
ported by using the extrapolated density r below
239.74 K, and the exact shape of kT (T ) depends
on the choice of extrapolation to lower temper-
atures. We already tested the effect from the var-
ious extrapolations and have shown that it does
not change the overall shape of the curve [sup-
plementary text and figure S8 of (2)]. Caupin et al.
propose to use a power law with Ts between 225
and 227 K that would yield a flatter temperature
dependence instead of a maximum. There is a
clear reason why Ts between 225 and 227 K should
not be used in a power-law fit: r would go signif-
icantly below the density of low-density amorphous
ice at 228 and 229 K and would even become
negative just above 225 and 227 K, respectively,
which would be unphysical. We note that two
authors of (1) [in reference 6 of (1)] did not use
what they propose in (1), but instead applied
extrapolations of r similar to those tested in (2).
The definition of the null hypothesis given in
(1) [reproduced from (2)] is unusual. Although
we did not assume any functional form for the
test, specific functional forms were used in (1)
(a parabola or a hyperbolic tangent function)
even though the correct form is not known. In
this case, the statistical hypothesis testing will
relate to whether this specific functional form
explains the experimental data well or not, and
it is no longer related to the question regarding
the presence or absence of a maximum; need-
less to say, there are an infinite number of other
functional forms that do not exhibit a maximum.
We also note that the appearance of a common
maximum in all the eight plots, intensity of the
small-angle x-ray scattering (SAXS), derivative
of the first diffraction peak, x, and kT for H2O
and D2O, shown in figures 2 and 3 of (2) adds
further statistical significance to its existence.
The temperature has been estimated using
the Knudsen evaporation model exactly in the
same fashion as by two authors of (1) [in refer-
ence 6 of (1)]. The difference is that in reference
6 of (1), they determined the droplet diameter
using Raman spectroscopy, but in (2) we could
rely on the image from an optical microscope,
as our droplet sizes are much larger.
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Fig. 1. OZ analysis of SAXS curves and correlation length. (A) Structure factor of H2O measured
at SACLA from (2) for temperatures between 280 K (dark red) and 231 K (dark blue). Gray
lines show the OZ fit using the q range up to 0.65 Å–1. (B) Correlation length obtained from the
OZ fit for both the SACLA and PAL-XFEL data. The standard errors vary depending on the
anomalous increase of the structure factor in (A) and are relatively large at high temperatures
and small at low temperatures.
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It is true that metastability can occur for a
hypothetical liquid-liquid phase transition, but
the singularity point–free model would imply
that the diverging temperature for the response
functions would correspond to the spinodal of
the transition where the metastability would be
lifted exactly as stated by one of the authors of
(1) [in (4)]. Because no phase transition is ob-
served at the maxima of the response and cor-
relation functions, there is no indication of a
spinodal and therefore the critical point–free
model is inconsistent with our experimental
data. Furthermore, the change in the structure
factor with temperature goes through a maxi-
mum, followed by a slower change and finally
reaching a value close to that of low-density
amorphous ice, indicating that a sharp but con-
tinuous transition has occurred.
Caupin et al. claim that we have in (2) over-
looked their study [reference 8 of (1)], which
cannot be the case when considering the dates:
The journal receipt date of (2) is almost 1 month
earlier than that of reference 8 of (1). We also
note that reference 8 of (1) suggests that there
are maxima in kT at negative pressures, which
is fully consistent with our findings—the exis-
tence of maxima of kT at positive pressures—
given in (2).
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